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ﬁeld for the peristaltic ﬂow of two different nanoparticles with the base ﬂuid salt water in the
asymmetric vertical permeable channel. The mathematical formulation is presented. The resulting
equations are solved exactly. The obtained expressions for pressure gradient, pressure rise, temper-
ature, axial magnetic ﬁeld, current density and velocity phenomenon are described through graphs
for various pertinent parameters. The streamlines are drawn for some physical quantities to discuss
the trapping phenomenon.
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There is a form of allotrope of carbon is Carbon nanotubes
(CNTs), and they also pick the form of cylindrical carbon
molecules and have novel attributes that make them poten-
tially helpful in a wide variety of applications in various ﬁelds
such as Optics, electronics, nanotechnology, and other materi-
als sciences [1,2].
First time in the history, Iijima and Baughman discovered
Carbon nanotubes (CNTs) [3]. They showed exceptional
strength and distinguished electrical properties, and areefﬁcient conductors of heat. Their name is derived from their
size, as the diameter of a nanotube is on the order of a few
nanometers (approximately 50,000 times smaller than the
width of a human hair), whereas they may be higher to several
millimeters in length. Nanotubes are of two main kinds: single-
walled nanotubes (SWNTs) and multi-walled nanotubes
(MWNTs). Let us talk about single CNT which is one or mul-
tiple layers of graphene sheets which roll up. CNTs are mainly
classiﬁed into single wall carbon nanotubes (SWCNTs) and
multi-wall carbon nanotubes (MWCNTs) depending on the
number of the graphene sheets. SWCNTs’ diameter is close
to 1 nm with a varied length from nanometer to centimeters
whereas the interlayer of distance for MWCNTs is approxi-
mately 0.34 nm [4]. Owing to CNTs’ extraordinary thermo
conductivity, electro conductivity and mechanical property,
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tural materials such as golf stub, boat, aircraft and bicycles. By
mixing it in the solid [5–8] or ﬂuid [9–12], the mixture can
effectively enhance the thermal performance and mechanical
properties of the base materials. So, the CNTs employed in
the ﬁeld are examined with great potential for the heat transfer
applications. Choi and Co-workers conducted Initial observa-
tion of thermal conductivity increase using cylindrical
structures, namely multi-walled nanotubes (MWCNT) [13].
Another important mechanism called Peristalsis is reported
in some organisms and in a variety of organs of a living body.
Flows of Peristaltic also give efﬁcient means for sanitary ﬂuid
transport and are thus exploited in industrial peristaltic pump-
ing and medical devices. Peristaltic motion of an incompress-
ible generalized Newtonian ﬂuid in a planar channel is
analyzed by Misery et al. [14]. Nicoll [15] reported that peri-
stalsis plays an important role in blood circulation.
Blood ﬂow in small blood vessels is reported to ﬂow under
the mechanism of peristalsis among several bio-ﬂuid ﬂows in
psychological systems. In this light, this is a better understand-
ing of the peristaltic pumping in blood vessels can be made, if
we make an idea that the blood vessel as a channel with perme-
able walls.
The peristaltic ﬂow of a Newtonian ﬂuid was discussed
through a porous medium in a channel under the effect of
magnetic ﬁeld by Mekheimer and Al-Arabi [16]. Elshahed
and Haroun [17] gave views on peristaltic ﬂow of a Johnson
Segalman ﬂuid under the inﬂuence of a magnetic ﬁeld.
Peristaltic pumping in a ﬁnite lengths tube with permeable wall
was also discussed by RaviKumar et al. [18]. Further related
literature can be viewed through Refs. [19–30].
This study discusses peristaltic ﬂow in a asymmetric chan-
nel with permeable wall. This is also discussed the effect of
induced magnetic ﬁeld, heat generation and heat ﬂux on peri-
staltic ﬂow of salt water and CNTs nanoﬂuid under long wave-
length and low Reynolds number assumptions.2. Mathematical formulation
Consider the peristaltic transport of a CNTs water ﬂuid in
asymmetric channel with permeable wall of width ‘d1 þ d2’.
An external transverse uniform constant uniform constant
magnetic ﬁeld H0, induced magnetic ﬁeld H hX X;Y; tð Þ; H0þð
hY X;Y; tð Þ;0Þ and the total magnetic ﬁeld Hþ hX X;Y; tð Þ;ð
H0 þ hY X;Y; tð Þ; 0Þ are taken into account and disproportion-
ate in the canal ﬂow is reserved due to the subsequent hedge
surfaces terminology:
Y ¼ H1 ¼ d1 þ a1 cos 2pk X c1t
  
;
Y ¼ H2 ¼ d2  b1 cos 2pk X c1t
 þ x : ð1Þ
In the above equations a1 and b1 denote the waves ampli-
tudes, k is the wave length, d1 þ d2 is the channel width, c1 is
the wave speed, t is the time, X is the direction of wave
propagation and Y is perpendicular to X.
Equations governing the ﬂow and temperature in the
presence of heat source or heat sink and the equation which
governs the MHD ﬂow are given as.Maxwell’s equations [19–21]
$ H ¼ 0; $  E ¼ 0; ð2Þ
$ ^H ¼ J; J ¼ rfEþ leðV ^HÞg; ð3Þ
$ ^ E ¼ le
@H
@t
; ð4Þ
The continuity equation
$  V ¼ 0; ð5Þ
The equations of motion
qnf
@V
@t
þ V  $V
 
¼ $pþ lnfdivVþ qbð Þnfga T T0ð Þ
 r 1
2
le H
þð Þ2
 
 le Hþ  rð ÞH ð6Þ
The energy equation
qcð Þf
@T
@t
þ V  $T
 
¼ $  knf$TþQ0 
@q
@y
; ð7Þ
where qnf is the effective density of the incompressible ﬂuid,
qcð Þnf is the heat capacity of the ﬂuid, qcð Þp gives effective heat
capacity of the nanoparticle material, knf implies effective ther-
mal conductivity, g stands for constant of gravity, lnf is the
effective viscosity of the ﬂuid, d=dt gives the material time
derivative, p is the pressure. q is radiative heat ﬂux is deﬁned
by [22]
q ¼ 4r

3k
@T4
@y
; ð8Þ
where r is the Stefan–Boltzmann constant and k is the mean
absorption coefﬁcient. It is assumed that the temperature dif-
ferences within the ﬂow are small, so that the term T4 may
be expressed as a linear function of temperature. Hence by
expanding T4 in a Taylor’s series about T1 and neglecting
higher-order terms,
T4  4T31T 3T41: ð9Þ
Combining Eqs. (2)–(4), we obtain the induction equation as
follows
@Hþ
@t
¼ $ ^ V ^Hþð Þ þ 1
n
r2Hþ; ð10Þ
where f ¼ rle is the magnetic diffusively, r is the electrical
conductivity, le is magnetic permeability, qnf is the effective
density of the incompressible nano ﬂuid, qcð Þnf is the heat
capacity of the nano ﬂuid, qcð Þp gives effective heat capacity
of the nano particle material, knf implies effective thermal con-
ductivity of nano ﬂuid, g stands for constant of gravity, lnf is
the effective viscosity of the ﬂuid, d=dt gives the material time
derivative, p is the pressure. The appearance for static and
wave structures is connected by the subsequent associations
x ¼ X ct; y ¼ Y; u ¼ U c; v ¼ V: ð11Þ
The dimensionless parameters used in the problem are deﬁned
as follow
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2
lfck
p; u¼ k
ac
u; v¼ v
c
; y¼ y
k
; x¼ x
a
; t¼ c
k
t; Da¼ k
a2
;
Re¼ qca
lf
;d¼ a
k
; h¼TT0
T0
; U¼ U
H0a
; W¼W
ca
; Rm ¼ rleac;
hx ¼ Ux;hy ¼Uy;Gr¼
qfgaa
2
lfc
T0ð Þ; S1 ¼H0
c
ﬃﬃﬃﬃﬃ
le
q
r
; anf ¼ kqcð Þf
; s¼ qcð Þp
qcð Þf
:
ð12Þ
After using the above non-dimensional parameters and trans-
formation in Eq. (11) employing the assumptions of long
wavelength d! 0ð Þ, the dimensionless governing equations
(without using bars) for nanoﬂuid in the wave frame take
the ﬁnal form as
@u
@x
þ @v
@y
¼ 0; ð13Þ
dp
dx
¼ @
3W
@y3
lnf
lf
 
þReS21Uyy þ
qbð Þnf
qbð Þf
Grh; ð14Þ
dp
dy
¼ 0; ð15Þ
Uyy ¼ Rm E @W
@y
 
; ð16Þ
knf
kf
N
 
@2h
@y2
þQoh ¼ 0 ð17Þ
Putting Eqs. (16) into Eq. (14) we get
dp
dx
¼ @
3W
@y3
lnf
lf
 
þReS21Rm E
@W
@y
 
þ qbð Þnf
qbð Þf
Grh; ð18Þ
Taking derivative of above equation with respect to y ﬁnally
we get
@4W
@y4
lnf
lf
 
þReS21Rm 
@2W
@y2
 
þ qbð Þnf
qbð Þf
Gr
@h
@y
¼ 0; ð19Þ
The non-dimensional boundaries will take the form as
W ¼ F
2
;
@W
@y
¼ 1
ﬃﬃﬃﬃﬃﬃ
Da
p
a
@2W
@y2
; at y ¼ h1: ð20Þ
W ¼ F
2
;
@W
@y
¼ 1þ
ﬃﬃﬃﬃﬃﬃ
Da
p
a
@2W
@y2
; at y ¼ h2: ð21Þ
h ¼ 0 at y ¼ h1; h ¼ 1 aty ¼ h2; ð22Þ
U ¼ 0 aty ¼ h1; U ¼ 0 at y ¼ h2; ð23Þ
The pressure rise Dp, axial induced magnetic hx and current
density Jz in non-dimensional form are deﬁned as
Dp ¼
Z 1
0
dp
dx
 
dx; ð24Þ
hx ¼ @U
@y
; ð25Þ
Jz ¼  @hx
@y
: ð26ÞThe effective density qnf, heat capacitance qCp
 
nf
, thermal
expansion coefﬁcient bnf and thermal diffusibility anf of the
nanoﬂuid are deﬁned as,
qnf ¼ 1 bf	 
qf þ bfqs; ð27Þ
qCp
 
nf
¼ 1 bf	 
 qCp f þ bf qCp s ð28Þ
bnf ¼
1 bf	 
 qbð Þf þ bf qbð Þs
qnf
; ð29Þ
anf ¼ knf
qCp
 
nf
: ð30Þ
Here, bf is the solid volume fraction, bf and bs are the thermal
expansion coefﬁcients of the base ﬂuid and nanoparticle, qf
and qs are the densities of basic ﬂuid and nanoparticle respec-
tively. We use the thermal conductive model for carbon nan-
otube contained nanoﬂuid proposed by Yu and Choi [23]
follow as
knf ¼ 1þ m
bfeA
1 bfeA
 !
kf ð31Þ
where the parameter A is deﬁned by
A ¼ 1
3
X
j¼a;b;c
kpj  kf
kpj þ n 1ð Þkf ð32Þ
where n is the empirical shape factor, kf is thermal conductive
of base ﬂuid and kpj thermal conductivities along the axes of
the tubes which is deﬁned by Bilboul [24] as follows
kpj ¼ 1þ kp  ks
kp rd j; 0ð Þ  d j; tð Þf g  ks rd j; 0ð Þ  d j; tð Þ  rf g
 
ks
ð33Þ
where j ¼ a; bandcð Þ is along the semiaxis directions of the car-
bon tube shown in Fig. 1, kp and ks are the thermal conductiv-
ities of the solid ellipsoid and its surrounding layer, r is the
volume ratio and d j; vð Þ is depolarization factor deﬁned by
Landau et al. [25]
r ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a2 þ tð Þ b2 þ t  c2 þ tð Þq
abc
; ð34Þ
d j;vð Þ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a2þ vð Þ b2þ v  c2þ vð Þq
2

Z 1
0
dw
j2þ vþw  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃa2þ vþwð Þ b2þ vþw  c2þ vþwð Þq ;
ð35Þ
with v ¼ 0 for outside of solid ellipsoid and v ¼ t for outside
surface of its surrounding layer.
Figure 1 Geometry of the problem.
Table 1 Thermal-physical properties of water and
nanoparticles.
Physical properties Salt water SNCTð Þ MNCTð Þ
q (kg m3) 1112 2600 1600
Cp 425 796
b 105 (K1) 18.5 2.6 2.8
k, W m1 (K1) 0.51 6600 3000
626 N.S. Akbar et al.The effective viscosity models [23] for nanotube is given by
as follow
lnf ¼ 1
bfabfm
 !gbfm
ð36Þ
with
g ¼ 0:312r
ln 2r 1:5þ 2
0:5
ln 2r 1:5
1:872
r
ð37Þ
and bfa is effective volume fraction of nanoparticles written as
follow
bfa ¼ bf aa
a
	 
3D
ð38Þ
where aa and a are the aggregate and primary nanoparticles
radii respectively. D is the fractal index can depend on the type
of aggregation, particle size and shape and shear ﬂow
condition.
Furthermore in this paper we take the radius 12.5 nm and
length 25,000 nm of Single-wall and multi-wall carbon
nanotubes. We also consider the thickness of nanolayer
around tubes is 2 nm and thermal conductive of this layer is
2kf. For this assumption about nanotube, we apply the carbon
nanotubes suspensions in 15% mixture of salt in water, the
parameters of which are a= 25,000 nm, b= c= 12.5 nm
and the value of the parameter t is chosen to be 54 nm, which
corresponds to a 2 nm layer thickness
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
12:52 þ 54
p

	
12:5 ¼ 2 nmÞ along b axis and c axis, but a negligible
layer thickness
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
250002 þ 54
p
 25; 000  :001 nm
	 

along
a axis. Using above mentioned relation, properties of the
nanoﬂuid can be calculated and be applied to the governing
equations.
Thermal physical properties of water and nanoparticles are
deﬁned as [26–30] (see Table 1).3. Solution of the problem
The exact solutions of the above equations are found as
follows
h yð Þ ¼ csch
ﬃﬃﬃﬃﬃﬃ
Q0
p ðh1  h2Þﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
N knf
kf
q
0B@
1CA sinh ﬃﬃﬃﬃﬃﬃQ0p ðh1  yÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
N knf
kf
q
0B@
1CA; ð39Þ
W yð Þ¼
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ﬃﬃﬃﬃ
Re
p ﬃﬃﬃﬃﬃ
Rm
p
S1yﬃﬃ
A
p
	 

þC2 sinh
ﬃﬃﬃﬃ
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p
	 
	 

ReRmS
2
1
þ
BGrðN knf
kf
Þ3=2 cosh h1
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q
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Nknf
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0@ 1A
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Q0
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sinh
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þC3þC4y ð40Þ
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ð41Þ
CNT suspended CuO +H2O nano ﬂuid and energy analysis 627The mean volume ﬂow rate Q over one period is given as
Q ¼ Fþ 1þ d: ð42Þ
and the pressure rise Dp in non-dimensional form is deﬁned as
C1  C6 are constants evaluated using Mathematica 9.4. Results and discussion
To study the behavior of the solutions, for several values
nano particle volume fraction bf, magnetic Reynolds number
Rm, Strommer’s number S1, heat generation parameter Q0
and heat ﬂux parameter N have been carried out for both
CNTs with salt water as base ﬂuid. The effect of the bf on
the pressure gradient is illustrated in Fig. 2(a). It is evident
that, increase in the value of bf has a tendency to increases
the pressure gradient, it is observed that the effect of bf on
pressure gradient is least in case of SWCNTð Þwhere as the
effect of bf is relatively larger with MWCNTð Þ.The variation
of Rm and S1 on pressure gradient is shown in Fig. 2(b)
and (c), it shows that pressure gradient is increasing on an
increase in Rm and S1, for both types of ﬂuid, Fig. 2(d) dis-
played that pressure gradient decreases with an increase in
heat generation parameter throughout the channel for both
types of ﬂuid. Fig. 2(e) and (f) shows the effect of Darcy
number Dað Þ and slip parameter a on pressure gradient pro-
ﬁle and it is observed that pressure gradient proﬁle is increas-
ing by increase of Da while pressure gradient decreases as the
increases in slip parameter a.In order to analyze pumping characteristics, numerical inte-
gration is performed and results are shown the variation of
pressure rise per wavelength Dp against time average ﬂux
Q ¼ Fþ 1þ dð Þ in Fig. 3(a)–(f). Fig. 3(a) represents the effects
of volume fraction bf on the pressure rise Dp. It is noticed here
that pressure rise is an increasing function with the increase ofbf throughout the domain Dp < 0;Q < 0ð Þ, Fig. 3(b) depicts
that as we increase the value of Rm, then pressure rise increases
in the region Dp < 0;Q < 0ð Þ, but Dp decreases in the pumping
region Dp > 0;Q > 0ð Þ, Fig. 3(c) shows the effect of S1 on
pressure rise, it is observed that pressure rise shows the same
behavior which is shown for Rm, Fig. 3(d) show the effect of
Q0, we observed that pressure rise decreases as an increase in
Q0 in the whole domain for SWCNTð Þ and MWCNTð Þ.
Fig. 3(e)–(f) shows the effect of Darcy number Dað Þ and slip
parameter a on pressure rise and it is observed that pressure
rise is increasing as an increase of Da while pressure gradient
decreases by increases of slip parameter a in the region
Dp < 0;Q < 0ð Þ but Dp decreases in the pumping region
Dp > 0;Q > 0ð Þ.
Fig. 4(a)–(c) to understand the variation of temperature dis-
tribution for different values of bf; Q0 and N. Fig. 4(a) shows
that h decreases as we increase bf for both types of ﬂuid.
When we observe Fig. 4(b) and (c), the same trend is observed
for heat generation parameter Q0 and heat ﬂux parameter N
respectively, and we have observed that by increasing Q0 and
N; h also increase.
Fig. 5(a) and (b) show the variations of magnetic Reynolds
and Strommer’s number on an axial induced magnetic ﬁeld hx
Figure 2 (a)–(f): Variation of pressure gradient dp=dx for different ﬂow parameters.
628 N.S. Akbar et al.versus y. It is interesting to note that in the left region of the
channel, the induced magnetic ﬁeld is in one direction.
However, it is in the opposite direction in the right region of
the channel. Fig. 5(a) displays that the magnitude of hx
increases when Rm increases near the wall h2 of channel, but
the decreasing trend is noticed in the other region of the chan-
nel keeping Rm increased. On the other hand, the effects of S1
on hx are quite opposite in comparison with Rm.
In Fig. 6(a) and (b) the current density jz is shown as a func-
tion of y for Three different values of Rm and S1 respectively,
both of these ﬁgures are of parabolic type, one can see in
Fig. 6(a) that the by increasing Rm, jz also increase but from
Fig. 6(b) shows jz decrease as the values of S1 increase.We have plotted Fig. 7 to illustrate the effects of pertinent
parameters on velocity proﬁle ðuÞ. It is observed from Fig. 7(a)
that velocity proﬁle decreases with increasing the value of bf.We
have presented Fig. 7(b) and (c) to obtain the variation of
velocity proﬁle u for varying the magnitude of the parameters
Rm and S1 for both types of ﬂuid. It depicts that velocity is
decreasing with increase of Rm near the right wall of channel
but along the left wall of channel velocity proﬁle is increased
by increasing the value of Rm and opposite behavior is seen
for S1. We have presented Fig. 7(d) to obtain the variation
of velocity proﬁle u for varying the magnitude of the parameter
Q0. It depicts that velocity is increasing with increase of Q0
Figure 3 (a)–(f): Variation of pressure rise Dp for different ﬂow parameters.
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right walls of channel.
Another important phenomenon in peristaltic transport is
trapping. The formation of an internally circulating bolus of
ﬂuid by closed streamlines is called trapping and is pushed a
head along with the peristaltic wave. The physical phenomena
may be responsible for thrombus formation in blood and the
movement of food bolus in gastrointestinal tract. Figs. 8 and
9 show contour maps for the streamlines with four values
of Rm Rm ¼ 0:5;Rm ¼ 1:0;Rm ¼ 1:5;Rm ¼ 2:0ð Þ for both
SWCNT and MWCNT. It is noticed that bolus becomes largewhen we give greater values to the magnetic Reynolds number
Rm. Figs. 10 and 11 show the effect of Darcy number Dað Þ on
streamlines for SWCNT and MWCNT respectively and it is
shown that bolus becomes small as larger values of Da.5. Conclusion
Interaction of Carbon nanotubes for the peristaltic ﬂow with
the induced magnetic ﬁeld is discussed, and key points are
observed as follows:
Figure 4 (a)–(c): Variation of temperature proﬁle h for different ﬂow parameters.
Figure 5 (a) and (b): Variation of axial induced magnetic ﬁeld hx for different ﬂow parameters.
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tion bf	 
 on pressure gradient is least in case of SWCNTð Þ
where as the effect of bf is relatively larger with MWCNTð Þ.
2. It is observed that pressure gradient decreases with an
increase in heat generation parameter.
3. It is observed that pressure rise decreases by increase in heat
generation parameter for SWCNTð Þ and MWCNTð Þ.4. It is observed that axial induced magnetic ﬁeld increasing
trend is noticed in the right wall of the channel keeping
Strommer’s number increased.
5. It is observed that current density increases as the values of
magnetic Reynolds number increase.
6. It is noticed that size, of bolus becomes small and number
of bolus reduces when we give greater values to the Darcy
number, for both SWCNTð Þ and MWCNTð Þ.
Figure 6 (a) and (b): Variation of current density Jz for different ﬂow parameters.
Figure 7 (a)–(d): Variation of velocity proﬁle u with for different ﬂow parameters.
Figure 8 (a)–(d): Stream lines of SWCNT for different values of Rm, (a) for Rm ¼ 0:5, (b) for Rm ¼ 1:0, (c) for Rm ¼ 1:5, (d) for
Rm ¼ 2:0. The other parameters are Q ¼ 2; a ¼ 2:0; a ¼ 0:7; b ¼ 0:8; S1 ¼ 1; N ¼ 0:02; Da ¼ 0:002; Q0 ¼ 0:5.
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Figure 11 (a)–(d): Stream lines of MWCNT for different values of Da. (a) for Da ¼ 0:1, (b) for Da ¼ 0:2, (c) for Da ¼ 0:3, (d) for
Da ¼ 0:4. The other parameters are Q ¼ 2; a ¼ 2:0; a ¼ 0:7; b ¼ 0:8; S1 ¼ 1; N ¼ 0:02; Rm ¼ 1:0; Q0 ¼ 0:5.
Figure 9 (a)–(d): Stream lines of MWCNT for different values of Rm, (a) for Rm ¼ 0:5, (b) for Rm ¼ 1:0, (c) for Rm ¼ 1:5, (d) for
Rm ¼ 2:0. The other parameters are Q ¼ 2; a ¼ 2:0; a ¼ 0:7; b ¼ 0:8; S1 ¼ 1; N ¼ 0:02; Da ¼ 0:002; Q0 ¼ 0:5.
Figure 10 (a)–(d): Stream lines of SWCNT for different values of Da, (a) for Da ¼ 0:1, (b) for Da ¼ 0:2, (c) for Da ¼ 0:3, (d) for
Da ¼ 0:4. The other parameters are Q ¼ 2; a ¼ 2:0; a ¼ 0:7; b ¼ 0:8; S1 ¼ 1; N ¼ 0:02; Rm ¼ 1:0; Q0 ¼ 0:5.
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